The coprecipitation method has been used to synthesize layered double hydroxide (Zn-Fe-LDH) nanostructure at different Zn 2+ /Fe 3+ molar ratios. The structural properties of samples were studied using powder X-ray diffraction (PXRD). LDH samples were calcined at 600 ∘ C to produce mixed oxides (ZnO and ZnFe 2 O 4 ). The crystallite size of mixed oxide was found in the nanometer scale (18.1 nm for ZnFe 2 O 4 and 43.3 nm for ZnO). The photocatalytic activity of the calcination products was investigated using ultraviolet-visible-near infrared (UV-VIS-NIR) diffuse reflectance spectroscopy. The magnetic properties of calcined LDHs were investigated using a vibrating sample magnetometer (VSM). The calcined samples showed a paramagnetic behavior for all Zn 2+ /Fe 3+ molar ratios. The effect of molar ratio on magnetic susceptibility of the calcined samples was also studied.
Introduction
Layered double hydroxides (LDHs) are one of the popular inorganic hosts to form an organic-inorganic hybrid type nanocomposite or so-called nanolayered composite materials [1] . LDHs, also known as hydrotalcite-like structure and anionic clay compounds, belong to a special class of synthetic two-dimensional inorganic compounds with lamellar structures. The chemical composition of LDHs [2] .
An important use of LDH precursors is to get mixed nanometal oxides by calcination at temperature above 600 ∘ C [3, 4] . This method has been used to address the problem of the fast recombination of photogenerated electron-hole pairs in the mixed semiconductors to enhance the photocatalytic efficiency of semiconductor. Nano-zinc oxide (ZnO) with its excellent features has been used as photocatalysts [5] . At the same time, ZnFe 2 O 4 spinel, which is a semiconductor with narrow band gap, exhibits characteristics of excellent visible-light response, as well as favorable magnetism and good photochemical stability [6] . In the current paper, ZnFe-CO 3 -LDH has been synthesized by the coprecipitation method with Zn 2+ /Fe 3+ molar ratios of 1, 2, 3, and 4 at the final pH value of 8. The mixed metal oxides were formed by the calcination process of LDH at 600 ∘ C. The structural, optical, and magnetic properties of calcination products were studied. was added slowly (dropwise addition) to the metal nitrates solutions with constant stirring. The pH value for all samples was controlled by addition of aqueous NaOH (0.5 M). The resulting slurry was aged at 70 ∘ C for 18 h in an oil bath shaker (50 rpm). The precipitate was washed with deionized water many times with centrifugation. Finally, the precipitate was dried in an oven at 70 ∘ C for two days. The resultant Zn-Fe-CO 3 -LDH was ground into fine powder.
Experimental
Heat-treated samples of Zn-Fe-CO 3 -LDH were prepared by heating LDH at 600 ∘ C. The samples were labeled Z F, where represents the Zn 2+ /Fe 3+ molar ratio. Heating was performed in an electric tubular furnace at atmospheric pressure in a ceramic boat holder for 3 h at a rate of 3 ∘ C/min (heating and cooling rate). The annealing process was performed in the ambient air. After the heat treatment was completed, the sample was left to cool to room temperature and stored in a sample bottle for further characterization.
Characterizations. Powder X-ray diffraction (PXRD)
patterns of the samples were recorded on an X-ray diffractometer (X'PERT-PRO PANALYTICAL) using CuK ( = 1.54060Å) at 40 kV and 40 mA. The slit configuration includes the fixing type of the divergence slit with slit size of 0.25 ∘ . The goniometer radius is 240 mm and distance of the focus-divergence slit is 100 mm. The scan configuration includes the continuous scan type with step size of 0.0330 [2 ∘ ] and scan step time of 19.685 s. The optical properties were studied using a UV-VIS-NIR diffuse reflectance spectrophotometer (Shimadzu, UV-3600). This spectrophotometer is equipped with an integrating-sphere detector. The magnetic properties of calcined samples were measured using a vibrating sample magnetometer (VSM Model Lakeshore 7404). Figure 1 shows XRD patterns of Zn-Fe-CO 3 -LDH prepared at different Zn 2+ /Fe 3+ molar ratios of 1, 2, 3, and 4. XRD patterns exhibit two characteristic intense peaks of basal reflection of Zn-Fe-CO 3 -LDH which were located near 2 of 11.9
Results and Discussion

Powder X-Ray Diffraction (PXRD) Study.
∘ and 23.1 ∘ corresponding to diffraction by (003) and (006) planes, respectively. As seen in Figure 1 , Zn-Fe-CO 3 -LDH phase is observed with ZnO phase which was formed during the aging of the coprecipitated products or during the titration process [7, 8] . At Zn 2+ /Fe 3+ molar ratio of 1, the Fe metal also was clearly observed. This may be attributed to the presence of a residual of the Fe ions which could not precipitate into prepared Zn-Fe-CO 3 -LDH layer. At Zn 2+ /Fe 3+ molar ratio values of 2, 3, and 4, the high crystallinity of (003) and (006) peaks was observed which indicated the presence of a wellordered layered structure [7] .
XRD patterns exhibit ZnO/ZnFe 2 O 4 nanocomposite as the calcination products of Zn-Fe-CO 3 -LDH samples at different Zn 2+ /Fe 3+ molar ratios (Z1F, Z2F, Z3F, and Z4F) as shown in Figure 2 . X'Pert-High-Score Plus software has been used to analyze the XRD data. The peaks of hexagonal wurtzite structure of ZnO were observed near 2 of 31. 8 crystal plane it is 43.3 nm [3, 10, 11] as estimated using Scherrer's equation.
UV-Visible Spectra.
The fundamental absorption of light, which corresponds to an electronic excitation from the valance band to the conduction band, can be applied to calculate the optical band-gap energy ( ). In this study, the optical band-gap energy can be calculated using the KubelkaMunk equation in terms of reflectance ( ):
where ∞ is the diffuse reflectance of the examined samples ( ∞ = sample / standard ) and ( ∞ ) is called the remission or Kubelka-Munk function [12, 13] . Thus, the band gap is obtained using the following equation:
The variation of ( ( ∞ ) ⋅ ℎ]) 2 versus (ℎ]) is plotted and the straight line range of these plots is extended on (ℎ]) axis to obtain the values of optical band gap ( ). Figure 3(a) shows the recorded reflectance of calcined Zn-Fe-LDH samples and Figure 3(b) exhibits the band-gap energies of ZnO phase which is found at around 3.19 eV. The average band gap of ZnO/ZnFe 2 O 4 nanocomposite annealed at 600 ∘ C is found at ∼2.30 eV as shown in Figure 3 (c). The band-gap value of pure ZnFe 2 O 4 is 1.9 eV [14] , while the band gap for whole nanocomposite (ZnO/ZnFe 2 O 4 ) increased to 2.32 eV as seen in the recent study [15] . This is in good agreement with our results. On the other hand, the ZnO band-gap energy decreases from ∼3.37 eV (for pure ZnO phase) [16] to around 3.19 eV in this work. This phenomenon occurs due to the presence of ZnO with another metal oxide (ZnFe 2 O 4 ) which indicates the photocatalytic activity [17] . As seen in Figure 3(c) , another band gap also is observed at ∼2.70 eV which may be attributed to the presence of ZnO/ZnFe 2 O 4 nanocomposite. Table 1 may be attributed to the additional ZnO phase which formed during the preparation of Zn-Fe-LDH as shown in Figure 1 .
As seen in Figure 3 (d), the absorbance of LDH calcination products has shown an edge at 360 nm which indicates the free exciton absorption of the lower particle size of ZnO [18] . Under visible-light irradiation, photogenerated electrons (e) and holes (h) are produced in mixed oxides (ZnO and ZnFe 2 O 4 ) via electron excitation from valence band (VB) to conductance band (CB) of ZnFe 2 O 4 nanocrystal. Due to the differences in the positions of band gap in these oxides, the photogenerated electrons transferred from CB of ZnFe 2 O 4 to CB of ZnO as illustrated schematically in Figure 4 . At the same time, the number of holes with positive charge left (VB) of ZnAl 2 O 4 to (VB) of ZnO. The difference in the energy levels of ZnO and ZnFe 2 O 4 semiconductors is important in achieving such charge separation which gives rise to the improvement of the photocatalytic activity of ZnO [17] .
Magnetic Spectroscopy. The magnetic behavior of mixed oxides (ZnO and ZnFe 2 O 4 ) as a function of Zn
2+ /Fe 3+ molar ratio incorporated is quite different. All calcined samples exhibit a paramagnetic behavior as shown in Figure 5 . The typical curves for paramagnetic systems can be defined as
where is the magnetization, is the applied magnetic field, and is the magnetic susceptibility.
Normally, the magnetic contribution of pure ZnFe 2 O 4 nanocrystal below a critical value of particle size 10 nm for [9] is superparamagnetic behavior, while this behavior changed to paramagnetic when ZnFe 2 O 4 nanocrystal was calcined at temperature of 650 ∘ C [9] . This is due to the oxygen vacancies of ZnFe 2 O 4 fully occupied during the heat treatment in air, which is responsible for the reduction in magnetic moment. In this study, the room temperature magnetic hysteresis loop of the calcined products of LDH (ZnO and ZnFe 2 O 4 ) shows a paramagnetic behavior as shown in Figure 5 . The final magnetization value (there is no saturation magnetization) decreases as Zn content (Zn 2+ /Fe 3+ molar ratio) increases due to the presence of high crystalline ZnO. Figure 6 shows the magnetic susceptibility as function of the Zn 2+ /Fe 3+ molar ratio in the samples. The value of paramagnetic response ( ) decreases with the increase in Zn 2+ /Fe 3+ molar ratio according to the observed formation of ZnO [7] . 
Conclusions
The coprecipitation method was used to synthesize Zn- 
